Introduction
Most theories of argument structure assume a tight coupling between syntactic and semantic structure, such that each noun phrase maps onto a single semantic role. And, indeed, in most sentences, this is the case. For example, in a sentence like ''Julius gave Anne a rose'', the giver (the Agent) is associated with the subject of the verb (''Julius''), the givee (the Recipient) is expressed as the indirect object (''Anne''), and the gift (the Theme) is expressed as the direct object (''rose'').
However, consider a sentence like ''Julius gave Anne a kiss''-the so-called light verb construction. These constructions are complex predicates whose verbs are said to be semantically ''light'', communicating only lexical and grammatical aspect, and the directionality of the action; the bulk of the predicative meaning stems from the event nominal within the construction (Butt, 2010; Wiese, 2006) . While in a non-light construction such as ''give someone a rose'', the verb ''give'' means ''to hand over '', in '' give someone a kiss'', the verb ''give'' only denotes a general sense of transfer and the event nominal ''kiss'' conveys the action itself. Thus, Julius acts not only as the Agent of the verb ''give'', but also as the Agent of the direct object ''kiss'', while Anne is both the Recipient of ''give'' and the Patient of ''kiss''. This phenomenon is known as ''argument sharing'' (Baker, 1989; Butt, 2010; Durie, 1988; Jackendoff, 1974; Müller, 2010) , and it violates the tight coupling of semantic and syntactic structure.
There have been several theoretical attempts to reconcile the lack of a direct correspondence between semantic http://dx.doi.org/10.1016/j.jml.2014.02.002 0749-596X/Ó 2014 Elsevier Inc. All rights reserved. and syntactic argument structure in the light verb construction (Hale & Keyser, 1993 Goldberg, 2003) . In this paper, we follow the Parallel Architecture framework (Culicover & Jackendoff, 2005; Wittenberg & Piñango, 2011) , which allows both syntactic and semantic structure to be built independently, though the two are linked through a grammatical function tier (for further discussion, see Müller & Wechsler, in press; Wittenberg et al., in press ). According to this theory, when a verb appears in a light verb construction with certain event nominals, the process of argument sharing is triggered: the arguments provided by the verb (in the case of ''give'', the Agent, Patient, and Theme), and the arguments provided by the noun (in the case of ''kiss'', Agent and Patient) need to be aligned.
As a result of the mechanisms that, according to the Parallel Architecture, are engaged during argument sharing (Culicover & Jackendoff, 2005, pp. 222-225) , we predict that light verb constructions should incur processing costs during comprehension. Note that this hypothesis goes against what might be predicted on the basis of the frequency of light verb constructions, which, despite their complexity, are commonly encountered in everyday language. For example, according to the PropBank corpus (Palmer, Gildea, & Kingsbury, 2005) , the most common English verbs appearing within light verb constructions, such as take, have, make, do, and give, are among the twenty most frequent verbs in English. More importantly, these verbs are more frequently encountered within light than nonlight verb constructions (Wittenberg & Piñango, 2011) . Thus, in the absence of other factors, these frequency data alone would predict reduced processing costs in association with the more frequent light verb construction than the less frequent non-light construction.
There have been only a few behavioral experiments examining light verb constructions. First, in a recent study, Wittenberg and Piñango (2011) asked participants to listen to German light verb constructions (e.g. ''Weil der Student seiner Kommilitonin vor dem Seminar eine Zusammenfassung gab, spendierte sie ihm letzte Woche einen Kaffee''; English literal translation: ''Because the student to his fellow student before class a summary gave, she bought him coffee last week.''). These light verb constructions were compared with non-light constructions using the same verbs (e.g. German: ''Weil der Student seiner Kommilitonin vor dem Seminar einen Kugelschreiber gab, spendierte sie ihm letzte Woche einen Kaffee''; English literal translation: ''Because the student to his fellow student before class a pen gave, she bought him coffee last week.''), or the same nouns (e.g. German: ''Weil der Student seiner Kommilitonin vor dem Seminar eine Zusammenfassung kopierte, spendierte sie ihm letzte Woche einen Kaffee''; English literal translation: ''Because the student for his fellow student before class a summary copied, she bought him coffee last week.''). The default Subject-Object-Verb (SOV) word order in German allowed the authors to probe processing costs at the critical verb where they predicted the effects of argument sharing would be most prominent. After these critical verbs, letter-string probes appeared on a screen and participants made a lexical decision about these probes. Participants were slower to respond to probes appearing 300 ms after the offset of the verbs in the light verb constructions, compared to the two nonlight constructions. The authors interpreted this as evidence for an increased processing load in computing light verb constructions (see also Piñango, Mack, & Jackendoff, in press, for similar findings in English).
In another recent behavioral study, Wittenberg and Snedeker (in press) used a conceptual sorting task to explore the argument structure of light verb constructions in English. During a training phase, participants were trained to sort pictorial depictions of events by the number of thematic roles they encoded (e.g. a picture of man giving a woman some flowers would be classified as a 'three role' event: man, woman, flowers). They were then asked to sort a mix of pictures and written sentences into these different types of event structures (with different numbers of thematic roles). Despite the fact that they have three syntactic arguments, events described by light verb constructions (e.g. ''The teenager is giving his rival a kick'') were most frequently grouped with event structures with two semantic roles (Agent-Patient events, e.g. ''The cowboy is taming the pony''). This suggests that light verb constructions do, indeed, typically involve a non-canonical mapping between semantic and syntactic event structure. However, in about a quarter of cases, the light verb constructions were grouped with three-role event structures (e.g. Source-Theme-Goal Events, like ''The businessman is passing pamphlets to the pedestrians''). This in-between pattern provided indirect evidence for argument sharing; that is, light verb constructions may be intrinsically associated with two different argument structures that can be active at the same time: an Agent-Patient non-canonical argument structure in which the number of semantic and syntactic arguments mismatch, and a Source-Theme-Goal canonical structure in which the number of semantic and syntactic arguments match.
Together, these behavioral studies provide some evidence that both the processing and final interpretation of light verb constructions involve argument sharing. Nevertheless, there are some limitations in the interpretation of the results. First, Wittenberg and Piñango (2011) used a cross-modal lexical decision task, which imposes dual task demands, potentially altering participants' processing of the sentences (see Pickering, McElree, Frisson, Chen, & Traxler, 2006 , for a critique of this method). Second, Wittenberg and Snedeker (in press) probed participants' final interpretation of these constructions, rather the time course of their online neural processing.
There has only been one study investigating neural activity associated with light verb constructions. In an MEG study, Briem et al. (2010) carried out three experiments in German. They contrasted light verbs like ''geben'' (''give'') with non-light verbs like ''erwarten'' (''expect''), either by themselves (Experiment 1), presented together with a subject pronoun (Experiment 2), or in object-verbsubject order (Experiment 3). In all experiments, light verbs (e.g. ''geben''/''give'') evoked less activity than nonlight verbs (e.g. ''erwarten''/''expect'').
The authors interpreted these findings as reflecting reduced lexical processing due to the semantic underspecification of light verbs. At first glance, these findings appear to contradict the behavioral findings described above, namely more cost associated with light verb constructions than non-light constructions. However, there are several confounds that limit the interpretation of Briem and colleagues' study. First, the non-light verbs were both longer and more morphologically complex than the light verbs (the stimuli can be found in the appendix of Briem, 2009) ; both of these differences can explain the early effects in visual regions observed in all three experiments. Also, in the second experiment, several of the pairings between the non-light verbs and subject pronouns resulted in ungrammatical phrases, which is likely to have contributed to increased neural activity (see Friederici & Frisch, 2000) . Finally, the object-verb-subject word order in the third experiment is very uncommon in German, so it is difficult to generalize the results to more naturalistic language comprehension. Moreover, because the authors did not analyze activity after the verb, any effects of argument sharing associated with light verb constructions may have been missed altogether -for example, under the Parallel Architecture, one would expect effects from argument sharing on the post-verbal subject, which would receive a semantic role from the object.
Event-related potentials and the present study
In the present study, we used a different techniqueevent-related potentials (ERPs) -to explore the timecourse and nature of processing light verb constructions. Of most relevance to this study are three groups of ERP components, summarized below.
First, the N400 is a negative-going potential peaking at approximately 400 ms post stimulus onset, and which is thought to reflect the retrieval or access to semantic features associated with an incoming word (Kutas & Federmeier, 2011) . In sentence and discourse contexts, the amplitude of the N400 reflects the match or mismatch between the semantic features associated with this word and those activated by context. The N400 therefore tends to be smaller to words that are lexically predictable versus unpredictable in relation to their context, with predictability usually operationalized using cloze probability (Federmeier, Wlotko, De Ochoa-Dewald, & Kutas, 2007; Kutas & Hillyard, 1984) .
Second, the P600 is a positive-going potential, which usually appears between 500 and 900 ms post stimulus onset. While this waveform was originally characterized as being most closely linked to syntactic violations and ambiguities (Hagoort, Brown, & Groothusen, 1993; Osterhout & Holcomb, 1992) , it is also seen when the linguistic input is highly semantically implausible or incoherent (Kuperberg, Caplan, Sitnikova, Eddy, & Holcomb, 2006; Kuperberg, Kreher, Sitnikova, Caplan, & Holcomb, 2007; Kuperberg, Sitnikova, Caplan, & Holcomb, 2003 ; for reviews, see Kuperberg, 2007; Van de Meerendonk, Kolk, Chwilla, & Vissers, 2009 and Bornkessel-Schlesewsky & Schlesewsky, 2008 , and see Kuperberg, 2013 , for a recent discussion).
Finally, a set of anteriorly-distributed negativities have been associated with working memory operations required to maintain, link and select sentential and discourse constituents during online processing (e.g. King & Kutas, 1995; Mueller, King, & Kutas, 1997; Nieuwland & Van Berkum, 2008a) . Of most relevance to this study is emerging evidence that a set of prolonged negativity effects, starting at approximately 500 ms post stimulus onset and lasting for several hundred milliseconds, may be associated with the computation of complex but plausible event representations. For example, Baggio, Van Lambalgen, and Hagoort (2008) reported a sustained anteriorly distributed negativity beginning at approximately 450 ms after the onset of sentence-final verbs that signaled that an anticipated ongoing event (writing a letter) was prematurely terminated (by spilling coffee on the paper). A similar pattern was observed by Bott (2010) who reported a sustained anterior negativity starting at 500 ms after the onset of critical words (e.g. discovered) that signaled an additional event had taken place (a searching event). And, in a recent study, we observed a late-onset sustained negativity effect in association with iterative aspectual coercion, in which a punctive action (e.g. pounce) must be repeated for a period of time, specified by the preceding context (Paczynski, Jackendoff, & Kuperberg, in press ). We will return to a more complete analysis of these studies in the Discussion section. For now, we note that in all three studies, the meaning of the events described cannot be derived solely from combining the meanings of the individual words with the surface syntactic structure; rather, the elements in the sentence need to be (re)-combined in a non-canonical way in order to arrive at a meaningful final sentence interpretation.
In the present study, we measured ERPs as participants read three types of sentences: light verb constructions, non-light constructions, and anomalous constructions (see Table 2 ). Similar to the behavioral study by Wittenberg and Piñango (2011), we used German sentences with verb-final ordering, which allowed us to examine processing on the verb, after the presentation of all arguments. In the light verb constructions, a light verb was combined with an eventive noun (''eine Ansage machte'', i.e., ''made an announcement''). The non-light sentences used the same light verb, but paired it with a non-eventive noun (''einen Kaffee machte'', i.e., ''made a coffee''), which resulted in a non-light construction. Finally, the anomalous constructions used the same verb, but paired it with an abstract noun that, in most cases, could be combined with a different light verb, but that rendered the overall construction ungrammatical ( * ''ein Gespräch machte'', i.e., ''made a conversation''; note that this construction is unacceptable in German; an English example would be * ''make a nap'').
We examined ERPs evoked by the verb in each type of sentence. As the verb was identical across the three experimental conditions, any effects would necessarily arise from the combination of the verb with its arguments, rather than the lexical properties of the verb itself. Our main focus was the contrast between the light and non-light constructions. As noted above, light verb constructions tend to be more frequent and thus more predictable than non-light constructions, which could potentially make them easier to process. The critical question was whether, despite their higher frequency and predictability, we would see evidence of argument sharing in the light verb constructions, as predicted by the Parallel Architecture (Culicover & Jackendoff, 2005) . This might manifest as a late sustained negativity effect, similar to that previously observed in association with complex semantic operations involving the maintenance, computation and/or selection of non-canonical event structure representations within working memory (e.g. Baggio, Van Lambalgen, & Hagoort, 2008; Bott, 2010; Paczynski, Jackendoff, & Kuperberg, in press) .
With regards to the contrast between light verb constructions and anomalous constructions, we predicted that the anomalous verbs would produce a P600 effect, similar to that previously observed in association with the detection of other violations of overall propositional coherence (see Kuperberg, 2007 Kuperberg, , 2013 for reviews), which may or may not be accompanied by an N400 effect.
Methods

Materials
One-hundred-and-twenty German scenarios were constructed, each with three conditions, as shown in Table 2 . In each scenario, the first sentence provided some context and was the same across the three conditions. The second sentence began with a subordinate clause, allowing for the verb-last word order. These subordinate clauses contained either (a) a light verb construction (light), (b) a non-light construction using the same verb (non-light), (c) or a noun and a light verb in a combination that yielded an anomalous interpretation (anomalous). Each of the sentences began with a subordinate conjunction, followed by the subject, optionally an adverbial phrase and an indirect object, and finally the critical noun and verb (''announcement made''/''coffee made''/*''conversation made''). After the critical verb, the main clause began with its main verb, followed by the rest of the sentence. Thus, the three conditions only varied at the noun; all other words were held constant (see Table 2 for example sentences, and http:// www.nmr.mgh.harvard.edu/kuperberglab/materials.htm for a full list of stimuli). Since the number of verbs that can enter light verb constructions is limited, we repeated the verbs up to eight times within a list, in all three conditions.
Norming of stimuli
Frequency. The frequencies of nouns and verbs were retrieved from the DWDS corpus, which consists of a total of . . .was just rising the sun English word order: ''When the stewardess made a(n) coffee/announcement/*conversation, the sun was just rising.'' 100 million words (Geyken, 2007) . On average, the nouns in light verb constructions appeared 1,314 times (SD = 1709), the nouns in non-light constructions 1,360 times (SD = 1749), and the nouns in anomalous constructions 1,396 times per million tokens (SD = 1710). There were no significant differences in noun frequency between conditions (all comparisons: t < .28, all p > .78).
Noun-verb co-occurrence frequency. We also used the same database to retrieve the co-occurrence frequency of the nouns and the verbs, that is, how often the nouns and verbs occurred together in the same syntactic configuration as in our stimuli: for light verb constructions, this was 1.33 (SD = .45); for non-light constructions, it was .1 (SD = .21); and for anomalous constructions, it was .18 per million tokens (SD = .65). The nouns and verbs used in the light verb constructions thus occurred more often together than the nouns and verbs used for anomalous and non-light constructions (ts > .25, ps < .02); there was no difference in noun-verb co-occurrence frequency between the non-light and anomalous conditions (t = .77, p > .44).
Cloze. A cloze probability study was carried out with 162 German native speakers (58 males; average age: 28) who did not take part in the ERP experiment and who gave informed consent. The scenario stems (the context sentence and the main sentence up to and including the object) were randomized across three lists using a Latin Square design. The lists were then subdivided into three, and every participant was presented with one of the nine lists. Each sentence stem ended with an ellipsis (''. . .'') indicating that the sentence continued, and participants were asked to write the most likely next word. Cloze probabilities for each of the three conditions were calculated based on the percentage of respondents who produced a word that matched the light, non-light, or anomalous verb exactly. As expected, cloze was highest for the light condition, 53(35)%, lower for the non-light condition, 20(28)%, and zero (0) for the anomalous condition. Pairwise contrasts revealed significant differences in cloze probability between each of the three conditions (all ts > 6, all ps < 0.0001).
Lexical constraint. From the cloze data, we also calculated the lexical constraint of the contexts in each construction. This was computed as the number of instances of the most frequent response over all responses (see Federmeier et al., 2007) . As discussed by Federmeier et al. (2007) , lexical can be partially dissociated from cloze itself: for example, a critical word can be zero cloze when its context is highly lexically constraining for another word, or when it is non-lexically constraining. Lexical constraint differed significantly across the three constructions (F(2, 357) = 16.07, p < .001), because as expected, the contexts of the light verb constructions were significantly more lexically constraining, 62(25)%, than the contexts of both the non-light constructions, 42(24)%, and the anomalous constructions, 45(23)%, ts > 2.9, ps < 0.0001. There were no significant differences in contextual constraint between the non-light and anomalous constructions (t(119) = 1.4, p > .15).
Plausibility ratings. Plausibility ratings were collected from a different set of 58 German native speakers (18 M; mean age: 26.7 years), who also did not take part in the ERP experiment and gave informed consent. List creation and randomization was the same as for the cloze ratings. Each sentence stem ended with the verb, followed by ''. . .'' to indicate that the sentence continued, and participants were asked to rate the scenarios up to and including the verb for plausibility on a scale from 1 (implausible) to 7 (plausible). Sentences with light verb constructions received an average rating of 5.8 (0.98), non-light constructions received an average rating of 5.6 (1.15), and anomalous sentences received an average rating of 2.8 (1.33). There were significant differences across the three conditions (F(2, 357) = 254.67, p < .001), but this was driven by the implausibility of the anomalous sentences relative to both the light sentences (t(119) = 20.6, p < .0001) and non-light sentences (t(119) = À17.2, p < .0001); there was no difference in plausibility between light and nonlight sentences (t(119) = 1.8, p > .5). Thus, the light and non-light sentences were matched on plausibility.
In the ERP experiment, the 360 scenarios were counterbalanced across three lists, using a Latin Square design. Each participant thus saw 40 instances of each of the three constructions (120 scenarios in total), but never encountered a given scenario more than once. However, across all participants, each scenario was seen in all three conditions. Eighty filler scenarios were then added to each list: 20 were semantically and syntactically normal, and 60 introduced a semantic anomaly in the final part of the second sentence. Thus, in each list, half of the scenarios were normal and half of the scenarios contained a semantic anomaly, the majority of which occurred towards the end of the second sentence, ensuring that participants read to the end of each two-sentence scenario.
Participants
Twenty native German-speaking participants (8 M; mean age: 27.3 years) participated in the ERP experiment. All participants were right-handed and had normal or corrected-to-normal vision, were not taking any medication, and were screened to exclude a history of psychiatric or neurological disorders. They provided written consent before participating, as specified by the guidelines of the Tufts University Institutional Review Board, and received $20 for their participation.
ERP procedure
Each participant was randomly assigned to one of three lists and was given six practice trials at the beginning of the experiment. All stimuli were presented visually. Each two-sentence trial began with presentation of a fixation cross at the center of the screen for 450 ms, followed by a 100 ms blank screen, followed by the context sentence, presented as a whole (displayed for 800-1600 ms, depending on length). After the context sentence, a fixation cross was again presented for 450 ms, followed by a 100 ms blank screen, and then the second sentence was presented word-by-word (450 ms per word; interstimulus interval: 150 ms), followed by a question mark. At this point, participants judged whether or not the scenario they had just read was a natural sentence of German. They were told that sentences may not be natural for different reasons, and if sentences seemed ''odd'' in any way, they should indicate that it was not natural. For the light and non-light constructions and for the normal filler sentences, the expected answer was ''yes''; for the semantically anomalous constructions and for the anomalous fillers, the expected answer was ''no'', so that in total, every participant ideally judged half the sentences to be acceptable, and half to be unacceptable. After making their judgments, participants pressed a button to move onto the next trial. Each list contained four blocks.
EEG acquisition
Twenty-nine tin electrodes were held in place on the scalp by an elastic cap, see Fig. 1 . Electrodes were also placed below the left eye and at the outer canthus of the right eye to monitor vertical and horizontal eye movements, and on the left and right mastoids. Impedance was kept below 5 kO for all scalp electrode sites, 2.5 kO for mastoid electrode sites and 10 kO for the two eye channels. The EEG signal was amplified by an Isolated Bioelectric Amplifier System Model HandW-32/BA (SA Instrumentation Co., San Diego, CA) with a bandpass of 0.01-40 Hz, and was continuously sampled at 200 Hz by an analogue-to-digital converter. A digitizing computer simultaneously monitored the stimuli and behavioral responses.
Data analysis
Response congruency was computed as the percentage of responses that matched our prior classifications. A congruent response was considered a judgment of the light verb and non-light constructions as ''acceptable'', and the anomalous constructions and the violated fillers as ''unacceptable''.
Averaged ERPs were time-locked to the onset of the critical verbs. They were formed off-line from trials free of ocular and muscular artifact, and were quantified by calculating the mean amplitude (relative to a 50 ms peristimulus baseline) in time windows of interest. On the verb, two main time windows were chosen: 300-500 ms to capture the N400 component and perhaps the beginning of an anterior negativity effect, and 500-900 ms (the relevant time frame for sustained negativities and the P600). We also ran analyses for the same time windows from the onset of the preceding noun, to determine whether there were any carryover effects to the critical verbs, and for the 50-200 ms and 200-300 ms time windows from verb onset to determine whether there were any early effects.
The scalp surface was subdivided into regions along the anterior-posterior distribution, at both mid and peripheral sites (each region contained 3 electrode sites, see Fig. 1 ). Two omnibus analyses of variance (ANOVAs), one covering mid regions and another covering peripheral regions across the scalp, were conducted in each time window. In the mid-regions ANOVA, Construction and Region were within-subjects factors; in the peripheral regions ANOVA, Hemisphere was an additional within-subjects factor. Significant main effects of Construction or interactions between Construction and Region (and/or Hemisphere) were followed up by carrying out ANOVAs comparing each type of Construction with one another. Any further interactions between Construction and Region were then followed-up by examining the effects of Construction in each three-electrode Region individually. In all analyses, the Geisser-Greenhouse correction was used in cases with more than one degree of freedom in the numerator (Greenhouse & Geisser, 1959) to protect against Type I error resulting from violations of sphericity. In these cases, we report the original degrees of freedom with the corrected p value, using a significance level of alpha = 0.05.
Results
Behavioral data
Response congruency with our a priori classifications did not differ significantly between light verb constructions, 72(4.1)%, non-light constructions, 69(3.9)%, and anomalous constructions, 75(6.2)%, F(2, 51) = 1.54, p = .22. Similar response congruency was found for the filler scenarios that contained violations, 88(5.5)%, and those that did not contain violations, 76(1.4)%.
ERP data
Approximately 8.8% of the critical trials were rejected due to artifact. There was no significant difference in rejection rates across conditions, F(2, 51) = 0.04, p = .97. All ERP analyses reported are based on correctly classified trials only. Similar results were obtained when analyses were repeated including all trials. Additionally, we also carried out ERP analyses on a subset of scenarios in which the level of contextual constraint was matched across the three condition; again, these analyses yielded results similar to the main analyses, and are thus not reported separately.
Nouns
ERPs evoked by the object nouns were similar across the three construction types. Omnibus mid-regions and peripheral regions ANOVAs revealed no significant main effects of Construction and no interactions between Construction and Region and/or Hemisphere in either the 300-500 ms window (all Fs < 0.44, all ps > .63) or the 500-900 ms time window (all Fs < 0.88, all ps > 0.42).
Verbs Early effects
There were no significant main effects of Construction and no interactions between Construction, Region and/or Hemisphere in either the 50-200 ms (all Fs < 0.47, all ps > 0.62) or the 200-300 (all Fs < 1.33, all ps > 0.27) time windows.
300-500 ms
As shown in Fig. 2 , there was little divergence between the waveforms evoked by the verbs within the N400 time window, and indeed there were no significant main effects or interactions (see Table 3 ). Because previous work on enriched composition has sometimes reported shorter-lived effects within the N400 time window (e.g. Brennan & Pylkkänen, 2008; Kuperberg, Choi, Cohn, Paczynski, & Jackendoff, 2010) , we also carried out analyses in successive 50 ms time windows between 300 and 500 ms, but found no significant main effects or interactions.
500-900 ms
In this time window, the waveforms to verbs in the three conditions diverged from one another (see Fig. 2 ). These differences were reflected by main effects of Construction (mid-regions: (F(2, 34) = 6.79, p = .01; peripheral regions: F(2, 34) = 5.76, p = .01), as well as by interactions between Construction and Region (mid-regions: F(8, 136) = 7.18, p < .001; peripheral regions: F(2, 34) = 12.5, p < .001). We followed up these omnibus effects by carrying out pair-wise ANOVAs comparing each type of construction with one other.
The waveform to verbs in the light verb constructions was more negative-going than to verbs in the non-light constructions. This effect was widespread, as reflected by significant main effects of Construction in both the mid-regions and peripheral regions, but its magnitude varied across scalp region, as reflected by an interaction between Construction and Region in the mid-regions. Follow-ups in individual regions showed significant effects in the frontal and central regions, a near-significant effect in the parietal region, but no significant effect in the occipital region (see Table 3 for statistics).
The anomalous constructions evoked a larger positive deflection than the non-light constructions. The magnitude of this positivity effect also varied across the scalp surface as reflected by significant interactions between Construction and Region in both the mid-regions and peripheral regions. Follow-ups showed significant effects of Construction in the parietal and occipital regions, a near-significant effect in the peripheral parietal regions, but no effect in any other region (see Table 3 for statistics).
As expected, the divergence of the positive-going waveform in the anomalous constructions from the negativegoing waveform in the light verb constructions was statistically robust: there were main effects of Construction in both the mid-regions and peripheral regions, as well as a significant interactions between Construction and Region; the effect of Construction was significant in all but the prefrontal and frontal peripheral regions.
Discussion
In this study, we examined the time-course and nature of processing light verb constructions using ERPs. Using German subordinate sentences with verb-final word order enabled us to directly examine neural activity at the verbthe point at which semantic roles are usually assigned and hence where we predicted the effects of argument sharing in light verb constructions to be most prominent. We contrasted light verb constructions with non-light and anomalous constructions (see Table 1 ). In the N400 time window, there were no significant differences in the waveforms observed to the three types of construction. Within the 500-900 ms time window, however, there was clear divergence in the waveforms evoked in the light verb constructions, relative to the other two conditions: the ERP to the light verb constructions was more negative/less positive than that to the other two constructions; this effect was widespread but with a frontal focus. The anomalous constructions elicited a posteriorly distributed positivity effect.
Light verb constructions
The divergence in neural activity to verbs in the light (versus the non-light) constructions cannot be attributed to lexical differences because identical verbs were seen in both construction types. It also cannot be an effect of differences in plausibility, as the two sentence types did not differ from each other in that measure. Spillover effects from the preceding object argument also cannot explain this effect, since there was no divergence between conditions before the verb appeared. The effect also cannot be reduced to differences in the lexical predictability of the verbs across the two constructions; less predictable words usually evoke a larger negativity than more predictable words within the earlier N400 time window (Kutas & Hillyard, 1984) . In this study, however, the light verbs were actually more lexically predictable than the non-light verbs (as assessed through our cloze ratings), and the divergence in waveforms was seen in a later 500-900 ms time window. Finally, these findings are not easily explained by differences in lexical constraint between the light and non-light contexts prior to the verb: words that violate highly lexically constraining contexts can evoke anteriorly-distributed late positivity effects (Federmeier et al., 2007) . In this study, however, the lexical constraint of both constructions (49%) was much lower than the average lexical constraint of the sentences used by Federmeier, Wlotko, De Ochoa-Dewald and Kutas (2007: 85%) . Moreover, when we repeated all analyses in a subset of stimuli in which the light and non-light contexts were matched for lexical constraint, the effect remained significant.
One question that arises is whether the ERP effect observed to the light (versus non-light) constructions reflects a larger late anterior negativity effect to the light verb constructions or a larger late anterior positivity effect to the non-light constructions. This study alone cannot distinguish between these two possibilities. However, there are several reasons why we think that it is more likely to reflect a late anterior negativity effect to the light verb constructions. First, as discussed above, late anterior positivity effects are typically produced by words that violate highly lexically constraining contexts (Federmeier et al., 2007) , which was not the case here. Second, in the linguistic literature, light verb constructions are usually seen as the special cases, while the full, non-light versions of those verbs are the point of reference (Butt, 2003; Jespersen, 1965) . We follow this theoretical assumption by treating the non-light constructions as the baseline condition. Third, our interpretation of this ERP effect as a late sustained anterior negativity effect is in line with an emerging ERP literature associating similar effects with the processing of plausible but non-canonical event structures, as we discuss next.
There are now several studies reporting late sustained negativity effects in association with processing noncanonical, complex event structures. First, Baggio, Van Lambalgen, and Hagoort (2008) anteriorly distributed negativity effect, beginning at approximately 450 ms after the onset of a verb that implied the interruption of an ongoing event, e.g. original Dutch: ''Het meisje was een brief aan het schrijven toen haar vriendin koffie op het papier (vs. tafelkleed) morste''; English translation: ''The girl was writing a letter when her friend spilled coffee on the paper (vs. tablecloth)" (Paczynski, Jackendoff, & Kuperberg, in press). In this sentence, full integration of the verb establishes that the ongoing event (writing a letter) was not completed because coffee was spilled on the paper (rather than on the tablecloth). Second, Bott (2010) observed a similar effect beginning at 500 ms after the onset of verbs that implied an additional event to the one explicitly stated-so-called additive aspectual coercion (e.g. original German: ''In zwei Stunden hatte der Förster die Falle entdeckt''; English translation: ''Within two hours, the ranger had discovered the trap''), compared to the non-coerced control condition (e.g. original German: ''Nach zwei Stunden hatte der Förster die Falle entdeckt''; English translation: ''After two hours, the ranger had discovered the trap''). In the sentence containing an aspectual coercion, full integration of the verb establishes not only that the trap has been discovered, but that it was also being searched for. Finally, in a recent study, we observed a prolonged widely distributed negativity effect (also with an anterior focus), beginning at 500 ms after the onset of verbs that implied multiple iterations of a punctive event-so-called iterative aspectual coercion, e.g. ''For several minutes (vs. After several minutes) the cat pounced on the rubber mouse.'' In this sentence, full integration of the verb establishes that the cat did not just carry out a single pounce, but rather several pounces lasting for several minutes. What all these constructions have in common-and what they also have in common with light verb constructions-is that the interpretation of the event cannot be simply derived from the meaning of the individual lexical items and the syntactic structure of the sentences: rather, the elements in the sentence need to be combined a noncanonical way in order to arrive at a meaningful final inter- Table 3 ANOVAs comparing ERPs evoked by the critical verb between 300-500 ms and 500-900 ms after their onset. C = main effect of Construction, C Â AP = Construction Â Anterior-Posterior distribution interaction. Significant effects and effects approaching significance are in bold. pretation of the event. In the case of interrupted accomplishments, there is a need to change the default event representation from a completed event to an aborted event, based on subsequent discourse information (Baggio et al., 2008) ; in the case of additive coercion, the event representation needs to be modified based on temporal information outside the verb's semantics (Bott, 2010) ; in the case of aspectual coercion, the aspect of the event is again derived from information outside of the verb's lexical semantics, that is, from the prepositional phrase (Paczynski, Jackendoff, & Kuperberg, in press ). And, finally, in the present study of light verb constructions, the event type and main meaning are not provided by the verb, but rather by the event nominal.
We suggest that, in all these cases, the sustained negativity effect reflects an extended process of integrating the incoming word in order derive these non-canonical event structure representations. In the present study, we suggest that in a sentence like ''Julius gives Anne a kiss'', it involves reconciling the mismatch between semantic and syntactic argument structure so that argument structure of the noun (''kiss'') is layered onto that of the verb (''give'') and Julius acts both as the Agent of ''give'' and ''kiss'', and Anne acts both as the Recipient of ''give'' and the Patient of ''kiss''-a process of argument sharing (see Wittenberg & Snedeker, in press, for further discussion).
There are several possible mechanisms by which such argument sharing might proceed. One possibility is that it reflects a process of constructing a complex event structure only after attempting to construct a canonical event structure -similarly to encountering a semantic garden path. Another is that both a canonical and non-canonical event structure are active for a short time, and that comprehenders then select the non-canonical light verb construction by enhancing its activation and suppressing the canonical event structure. Both accounts would be consistent with the findings by Wittenberg and Snedeker (in press ) that that light verb constructions can be associated with two different event structures. The latter account would also be consistent with previous studies that have associated prolonged anterior negativity effects with a process of selecting between alternative event structures (e.g. non-literal over a literal event structures in comprehending novel metaphors (e.g. Coulson & Van Petten, 2007) , cartoon stories (Nieuwland & Van Berkum, 2006 , Experiment 1) and jokes (e.g. Coulson, 2001) , or between alternative predicted specific events (Wlotko & Federmeier, 2012) . On either account, the anteriorly-distributed sustained negativity effect is likely to reflect the additional working memory demands of maintaining and manipulating these event structures to arrive at the final sentence meaning (see King & Kutas, 1995; Mueller, King, & Kutas, 1997; Nieuwland & Van Berkum, 2008a for other examples of anteriorly-distributed sustained negativity effects associated with working memory costs).
Importantly, we are not claiming that the type of sustained anterior negativity observed here, and in these previous studies, is specific to complex semantic operations in coming to event representation. Sustained anteriorly distributed negativities have also been observed in situations where other types of constituents must be held within working memory to link elements within and across sentences (King & Kutas, 1995; Kluender & Kutas, 1993; Nieuwland & Van Berkum, 2008a , 2008b Van Berkum, Brown, & Hagoort, 1999; Van Berkum, Zwitserlood, Hagoort, & Brown, 2003) . By the same token, we also do not think that all complex semantic compositional processes are necessarily associated with anteriorly distributed sustained negativity effects. For example, we and others have reported modulation on the N400 component in association with complement coercion (Baggio, Choma, Van Lambalgen, & Hagoort, 2010; Kuperberg et al., 2010) : complement noun-phrases in coerced sentences (e.g. ''The man began the book. . .'') evoked a larger negativity between 300-500 ms than in non-coerced sentences (e.g. ''The man read the book. . .''), which we interpreted as primarily reflecting the semantic mismatch between an action-requiring verb like ''begin'' and the semantic features of the entity ''book'' at the point of the complement noun phrase.
Anomalous constructions
The anomalous constructions were created by pairing light verbs with abstract nouns that are usually associated with different light verbs, such as ''*give a nap'' (compare ''take a nap''). In contrast to acceptable light verb constructions, which evoked an anteriorly distributed negativity, anomalous light verb constructions evoked a posteriorly distributed positivity-the P600. This P600 was similar to that previously reported by our group (Kuperberg et al., 2003 (Kuperberg et al., , 2006 as well as by others (e.g. Hoeks, Stowe, & Doedens, 2004; Kim & Osterhout, 2005; Van de Meerendonk, Kolk, Chwilla, & Vissers, 2009; Van Herten, Kolk, & Chwilla, 2005) to selection restriction violations occurring on verbs. A P600 effect is also seen on nouns that violate the selection restrictions of their preceding verbs, particularly in judgment tasks (e.g. Kuperberg et al., 2010; Paczynski & Kuperberg, 2011 . Although there is debate about the precise functional significance of this effect, there is some general agreement that it reflects additional analysis or reanalysis that is triggered when the parser computes a proposition, using all available linguistic information, and this is classified as being impossible or incoherent at the critical word (see Bornkessel-Schlesewsky & Schlesewsky, 2008; Kuperberg, 2007; Paczynski & Kuperberg, 2012; Van de Meerendonk et al., 2009 ). More specifically, we have suggested that it is triggered by a conflict between a strong, high-certainty prediction for one specific type of event structure, and an incoming word whose integration violates this strong prediction, and that it reflects a process of updating the contents of working memory through bottom-up attempts to establish a new event structure (see Kuperberg, 2013 , for a recent discussion of the posterior late positivity/P600 effect as being triggered by an event structure prediction error). In the present study, we take the presence of the P600 to the light verbs paired with the wrong eventive nouns as evidence that the parser tried, but failed, to generate a coherent complex predicate. In other words, when successful, argument sharing was associated with an anterior negativity effect. However, when initial integration of the input yielded an event structure that conflicted with what was anticipated, this triggered additional analysis or reanalysis processes, which manifested as a posterior P600 effect.
Implications
This paper contributes to both the psycholinguistic and theoretical linguistic literatures. With respect to the ERP psycholinguistic literature, our finding that light verb constructions evoke a widely distributed negativity effect with an anterior focus between 500-900 ms adds to a growing body of evidence that certain complex semantic operations can engage quite different neurocognitive operations from the types of semantic feature matching that are thought to be reflected by modulation of the N400 component. More specifically, we have suggested that it may reflect a process of computing semantically complex events, possibly involving the top-down selection of a non-canonical semantic-syntactic mapping (event structure). This is distinguished both from the N400 component, which is thought to reflect facilitated access or retrieval of the semantic features of a specific word that have been activated by the context (see Paczynski & Kuperberg, 2012 , for recent discussion), as well as from the P600 effect which may reflect a bottom-up attempt to come up with a novel event structure when a strongly predicted event structure is violated by initial attempts to integrate the input (Kuperberg, 2013) .
At a theoretical level, our findings may help arbitrate between competing linguistic accounts of how light verb constructions are represented. This picture is inconsistent with theories which model light verb constructions as syntactically less complex (Folli, Harley, & Karimi, 2004; Hale & Keyser, 1993 Jung, 2002; see Wittenberg et al., in press, for detailed discussion): a syntactically less complex structure should result in reduced processing demands, even if one follows a more modern form of the Derivational Theory of Complexity (Phillips, in press ). In contrast, our data does support models that consider both syntactic and semantic compositionality as contributing to the language architecture (Butt, 2010; Culicover, 2013; Culicover & Jackendoff, 2005; Jackendoff, 2002; Müller, 2010) .
In sum, we have shown that light verb constructions evoke a widely distributed, but frontally focused, sustained negativity effect between 500-900 ms after verb onset, despite being more frequent and predictable than non-light constructions. These data show how the study of a syntactically simple and common phenomenon can reveal complex underlying neural processes, yielding insights that are relevant for both linguistic theory and for understanding mechanisms of language comprehension.
